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$EVWUDFW
$V WKH HIILFLHQF\ DQG DSSURSULDWHQHVV RI WKH VWUXFWXUDOPHPEUDQHVGHSHQGV WR D ODUJH H[WHQW RQ WKH
VXSSRUWV D UHVHDUFKKDVEHHQ ODXQFKHGRQ WKHFXUUHQWGHVLJQDQG WKHSRVVLELOLWLHVRIRSWLPL]LQJ WKH
VHFWLRQVDQGWKHGHWDLOLQJDUHSUHVHQWHGDFFRUGLQJWRWKHW\SRORJ\HVWDEOLVKHGE\WKH(XURSHDQ'HVLJQ
*XLGH>@
.H\ZRUGVPDVWVPHPEUDQHVWUXFWXUHVGHWDLOLQJ
 ,QWURGXFWLRQ
6WUXFWXUDOPHPEUDQHVQHHG WREHVXSSRUWHGDQG WHQVLRQHGE\VWUXFWXUDOHOHPHQWV WKDW FRQGLWLRQ WKH
IRUPDQGEHKDYLRXUDIIHFWWKHVXSSRVHGOLJKWZHLJKWDSSHDUDQFHDQGLQPDQ\FDVHVHQGXSFRVWLQJ
PRUHWKDQWKHPHPEUDQHLWVHOI$VWKHPRVWXVHGVXSSRUWLQJVWUXFWXUDOHOHPHQWLVWKHPDVWDUHVHDUFK
KDVEHHQODXQFKHGRQLWVW\SRORJ\DQGGHWDLOLQJWRLPSURYHHIILFLHQF\DQGFRPSDWLELOLW\
$QH[WHQVLYHDQDO\VLVRIH[LVWLQJPDVWVKDVEHHQFRQGXFWHGWRHVWDEOLVKDW\SRORJ\VWDUWLQJIURPWKH
RQHPHQWLRQHG RQ WKH (XURSHDQ GHVLJQ JXLGH IRU WHQVLOH VXUIDFH VWUXFWXUHV >@ WRJHWKHUZLWK WKH
IRUPXODWLRQRIVWUDWHJLHVDLPHGDWRSWLPL]LQJWKHGHVLJQ%RWKFRQFHSWVDUHSURIXVHO\LOOXVWUDWHGZLWK
VHOHFWHG H[DPSOHV GUDZQ IURP WKH RZQ H[SHULHQFH DQG WKH GRFXPHQWDWLRQ NLQGO\ SURYLGHG E\ WKH
DXWKRUVLQFOXGLQJYLVLWVWRWKHVLWHVDQGOLWHUDWXUH
 $QWHFHGHQWV
0DVWVZHUHQRWQHZZKHQWHQVLOHVWUXFWXUHVZHUHVLJQLILFDQWO\GHYHORSHGVWDUWLQJIURPWKHPLGGOHRI
WKHWZHQW\FHQWXU\0DQ\RWKHUDSSOLFDWLRQVVXFKDVVDLOERDWVILJWRVXVSHQGHGDQGFDEOHVWD\HG
EULGJHVWHQWVFDEOHVXVSHQGHGURRIVDQGDQWHQQDVKDGXVHGDQGGHYHORSHGWKHPFRQVLGHUDEO\
)LJXUHV5XQQLQJULJJLQJRQVTXDUHVDLOV>@)LJXUHV3LORW
VERDW6DQWD(XOjOLD%DUFHORQD
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
7\SRORJ\
$W\SRORJ\EDVHGRQWKHSRVLWLRQUHODWHGWRWKHPHPEUDQHLQFOXGHV
D ERXQGDU\PDVWV WKDW VXSSRUW WKH HGJHV DW FRUQHU SRLQWV 7KH\ DUH XVXDOO\ LQFOLQHG WR IROORZ WKH
UHVXOWDQWGLUHFWLRQRIWKHIRUFHVFRPLQJIURPWKHHGJHFDEOHVDQGJRLQJWRWKHDQFKRUWLHV7KH\FDQ
DOVREHFDQWLOHYHUHGZKHQLQWHUIHUHQFHVFRPLQJIURPDQFKRUWLHVDUHQRWSHUPLWWHGILJ
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





)LJXUH Supported high points by external masts 7KH FRQQHFWLRQZLWK WKH SHULSKHUDOPDVWV FDQ URWDWH
DURXQG WKHKRUL]RQWDOYHUWLFDO D[LVRUERWK ,W LVXVXDOO\XVHG IRUSUHWHQVLRQQLQJ$VKDSHGSHULPHWHUPDVW
KLQJHGDWWKHEDVH,/,QVWLWXWH6WXWWJDUW6HOIVXSSRUWHGSHULPHWHUPDVW6WD\URSHVDUHQRWUHTXLUHG
E LQWHUQDO PDVWV VXUURXQGHG E\ WKH PHPEUDQH DQG UHVWLQJ GLUHFWO\ RQ D EDVH SODWH ILJ RU
IORDWLQJIO\LQJRQVWHHOFDEOHVWKDWSXVKWKHPXSZDUGVILJ
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











)LJXUH  &HQWUDO VXSSRUWLQJPDVW RI WKH 3DUF$VWpUL['ROSKLQDULXP 3ODLOO\ ,W LV DFKLHYHG E\ D ULQJ RQ WRS
VWDELOLVHGE\JX\FDEOHVDQGVHPLKLQJHGDWWKHEDVHWRUHOLHYHEHQGLQJPRPHQWV$WKUHDGHGDVVHPEO\RIWKH
EDVHDOORZVIRUDGMXVWPHQWRIWKHKHLJKWDQGLQWURGXFHSUHVWUHVV7KHPHPEUDQHLVVHFXUHGWRWKHWRSRIWKHPDVW
E\EROWLQJEHWZHHQWKHULQJDQGDFLUFXODUSODWH1RWLFHWKHULQJPDGHRID[&+6WRDYRLGVKDUSHGJHV
WKDWFRXOGGDPDJHWKHPHPEUDQH7KHWHQVLRQLVLQWURGXFHGE\DGMXVWPHQWRIWKHPDVWOHQJWKWRJHWKHUZLWKWKH
WHQVLRQLQJGHYLFHVRIFRUQHUVDQGHGJHV>@
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
)LJXUHFlying masts)O\LQJPDVWVVXSSRUWHGRQDFDEOHQHWSXVKXSWKHPHPEUDQH7KH\NHHSWKHFRYHUHG
VSDFH IUHH RI VWUXFWXUDO VXSSRUWV $ VRIWHQLQJ SODWH RQ WKH WRS RI WKH IO\LQJ PDVW HQODUJHV WKH DUHD RI ORDG
GLVWULEXWLRQ1RWLFHDWWKHERWWRPWKHKLQJHGIRUNFDEOHHQGVDQGDGMXVWDELOLW\RIWKHOHQJWKRIWKHPDVW³$
GLIIHUHQWDSSURDFKWRWKHFRQQHFWLRQEHWZHHQWKHIO\LQJPDVWDQGWKHPHPEUDQH7KHGRZQZDUGH[WHUQDOORDGV
DSSOLHGWRWKHVWUXFWXUHDUHWUDQVPLWWHGE\EHDULQJFRQWDFWRIWKHPHPEUDQHRQWRWKHULQJUDWKHUWKDQE\VKHDU
WUDQVIHUWKURXJKFODPSEROWV´>@
FH[WHUQDOPDVWVORFDWHGRXWVLGHWKHHQFORVXUHIURPZKLFKWKHPHPEUDQHLVVXVSHQGHGILJV
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


)LJXUHOHIW57DLOOLEHUW%RXOHYDUG&DUQRW6ZLPPLQJ3RRO3DULV)LJXUHULJKW53LDQR,O
*UDQGH%LJR*HQRYD

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
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

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
)LJXUH7KHWDSHUHGPDVWVSUHYHQWIURPORRNLQJRYHUVL]HGFRPSDUHGWRWKHZKROHVWUXFWXUHDQGWKHVLWH
-$0DUWtQH]	(7RUUHVZLWK/ORUHQV	6ROGHYLOD$UFKLWHFWV(V%DOXDUW3DOPDGH0DOORUFD
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
6KDIW
7KH WKUHH W\SHV RI PDVW DFFHSW GLIIHUHQW VWUDWHJLHV WR FRSH ZLWK RYHUGLPHQVLRQLQJ LPSRVHG E\
EXFNOLQJ RQ VXFK ORQJ HOHPHQWV7KH\ LQFOXGH WKH XVH RI FLUFXODU KROORZ VWHHO VHFWLRQV EHFDXVH RI
WKHLU HIILFLHQF\ LQ FRPSUHVVLRQ DQG WRUVLRQ PLQLPDO VXUIDFH DUHD WR EH SURWHFWHG PLQLPDO ZLQG
UHVLVWDQFHDQGDYDLODELOLW\LPSURYHGE\WDSHULQJILJWUXVVLQJILJW\LQJILJRUFRXSOLQJ
ILJWR






)LJXUH)2WWR	+6SDQGRZ'DQFH3DYLOLRQ)HGHUDO*DUGHQ([KLELWLRQ&RORJQH 7KHPDVWVDUH
FRQVWUXFWHGYHU\OLJKWDQGVOHQGHUDQGLQDGGLWLRQWKHUHDUHQRJXVVHWVRQWKHXSSHUSDUWRIWKHPDVWVZKLFK
PHDQVWKDWWKHWRSVDUHQRWELJKHDGHG
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
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
)LJXUH-0GH3UDGD³3DOHQTXH´6HYLOOD([SR&URVVWUHHVPPWKLFNDQGWLHVPPOLJKWHQWKH
PDVWE\UHGXFLQJWKHEXFNOLQJOHQJWKIURPPWRPVRWKDWD&+6RI[PPLVHQRXJK
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



)LJXUHV&RXSOLQJRUFOXVWHULQJ WKHPDVWVPDNH WKHPWKLQQHU6OLP WXEHV ORRNPRUHHOHJDQW WKDQD
VLQJOHEXON\F\OLQGHU)LJXUH0+RSNLQV6FKOXPEHUJHU5HVHDUFK/DERUDWRU\&DPEULGJH)LJXUH
3K&R['DUOLQJ+DUERXU([KLELWLRQ&HQWUH 6\GQH\)LJXUH$%URRNHV (DVW&UR\GRQ6WDWLRQ
/RQGRQ>@
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0DVWHQGV
$SDUWIURPWKHVHFWLRQRIWKHVKDIWLWVHQGVDOVRKDYHDFRQVLGHUDEOHLPSDFWRQFRVWDSSHDUDQFHDQG
HDVHRILQVWDOODWLRQ
+LJKSRLQWV
8SSHUHQGVFDQEHLQWKHIRUPRIFLUFXODUULQJVKXPSVORRSVRUVFDOORSHGFDEOHVILJVWR
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
)LJXUH  /ORUHQV	 6ROGHYLOD $UFKLWHFWVZLWK ,$62  3OD]D1XHYD %LOEDR 7KHPHPEUDQH LV UDLVHG
DORQJWKHPDVWE\DFLUFXODUULQJGULYHQE\SXOOH\VIURPWKHJURXQG7KHULQJSURYLGHVWKHSHULPHWHUOHQJWKRI
PDWHULDO UHTXLUHG WR VXSSRUW WKH ORDG QRW H[FHHGLQJ WKH EUHDNLQJ VWUHQJWK 7KH FRQQHFWLRQ EHWZHHQ WKH
PHPEUDQH DQG WKH ULQJ FDQ EH FRQVLGHUHG D ULJLG HGJH EHDULQJ LQ PLQG WKDW D ULJLG FRQQHFWLRQ LV KDUGO\
FRPSDWLEOHZLWKWKHIOH[LELOLW\RIWKHPHPEUDQH+HUHWKHPHPEUDQHFDQEHSUHVWUHVVHGIURPRXWVLGHWKHULQJ
DQGWKURXJKWKHULQJLWVHOIYLDLWVDGMXVWDEOHGLDPHWHUDQGWKHSXOOH\V>@
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)LJXUH-DLPDWKHKXPSHGWHQWRIWKH%HUEHUWULEHV$WODV0RXQWDLQV,WLVDVLQJOHIDPLO\VKHOWHULQFOXGLQJ
FDWWOHPRGXODU LQ FRQVWUXFWLRQ OLPLWHG LQ VL]H WR WKH FDUU\LQJ FDSDFLW\ RI WKH IDPLO\ FDPHO ZKLFKZLWK WKH
IDPLO\JRDWVSURYLGHV WKHKDLU IURPZKLFK WKH WHQW LVZRYHQPHDVXULQJDURXQGE\IHHWDQGZHLJKLQJ
DERXWOEV7KHVXSSRUWLQJKXPSOLNHKLJKSRLQWVDUHIRUPHGE\SROHV WRSSHGE\PXVKURRPVKDSHGKHDGV
7KHZRYHQIDEULFDFTXLUHVDQDQWLFODVWLFFXUYDWXUHH[FHSWLQWKHDUHDVDERYHWKHVXSSRUWLQJKXPSV>@
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)LJXUH 7KH KXPSOLNH KLJK SRLQWV RI WKH WHQW DW+DPEXUJ ,QWHUQDWLRQDO*DUGHQ([KLELWLRQ DUH IRUPHG E\
PDVWVZKLFKKDYHKHDGVZLWK IOH[LEOH ODPHOODHDFURVVZKLFK WKHPHPEUDQH LV VWUHWFKHG7KH UHVLOLHQWKHDGRI
HDFKPDVWLVPLQGLDPHWHUDQGFRQVLVWVRIUDGLDOO\GLVSRVHGSO\ZRRGEODGHVZKLFKIXQFWLRQDVVSULQJVDQGDUH
VXSSRUWHGE\D&+6ZLWKWXEXODUVSRNHV$ZHOGHGRQGLVKHGVWHHOSODWHRYHUWKHEODGHVVHUYHVDVDQDEXWPHQW
IRUWKHODWWHU(DFKVSULQJEODGHFRQVLVWVRIILYHJOXHGPPWKLFNOD\HUVRIZRRG3O\ZRRGLVPRUHVXLWDEOHIRU
WKH SXUSRVH WKDQ RUGLQDU\ ZRRG EHFDXVH LWV HODVWLFLW\ LV PRUH XQLIRUP $Q LPSRUWDQW IHDWXUH LV WKDW WKH
GHIOHFWLRQVDWWKHHQGVRIWKHEODGHVDUHYHU\ODUJHLQRUGHUWRDFKLHYHVPRRWKDQGXQLIRUPWUDQVPLVVLRQRIWKH
IRUFHRIWKHPHPEUDQH
7KH WXEXODU SROHV KDYH D WRWDO OHQJWK RI P DQG DUH PP LQ GLDPHWHU$W WKH WRS DQG ERWWRP WKH\ DUH
SURYLGHG ZLWK VKRUW WHOHVFRSLF WXEXODU VHFWLRQV IRU DGMXVWPHQW VSULQJV 7KH ODWWHU DUH VR GHVLJQHG WKDW WKH\
WUDQVPLWDSUHVWUHVVLQJIRUFHRI7WRWKHPHPEUDQHDQGDOVRSUHYHQWWKHSROHVEHLQJVXEMHFWHGWRH[FHVVLYHO\
ODUJH FRPSUHVVLYH IRUFHV 7KH VSULQJV DOVR FRPSHQVDWH IRU WKH FRQWLQXDO YDULDWLRQV LQ OHQJWK RI WKH URRI
PHPEUDQH ZKLFK DUH FDXVHG E\ YDULDWLRQV LQ KXPLGLW\ 7KHPHPEUDQH VWUHVVHV DUH WKXV NHSW DSSUR[LPDWHO\
FRQVWDQW>@
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






)LJXUH)UHL2WWR¶VIDYRXULWHW\SHRIKLJKSRLQW/RRSHGFRQQHFWLRQRIPHPEUDQHWRPDVWKHDG([KLELWLRQ
SDYLOLRQLQ)UDQNIXUW6REHNXQG5LHJHU6WWXWJDUWZLWK':DNHILHOG%DWK>@
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)LJXUH:LGOHSODQ&RQVXOWLQJZLWKVES&RPPRQZHDOWK*DPHV6ZLPPLQJ3RRO.XDOD/XPSXU
6FDOORSHGKLJKSRLQWV7KHFXVSSRLQWVRIWKHEHOWDUHVXVSHQGHGIURPDERYHE\VL[VWUDLJKWFDEOHVDQGWKHFHQWUDO
KROHLVFORVHGRYHUZLWKDZDUSHGPHPEUDQHSDQHO>@
0DVWEDVHSODWHV
0DVWEDVHSODWHVWUDQVPLWFRPSUHVVLRQDQGVKHDUIRUFHV7KH\KDYHWREHGHVLJQHGFDUHIXOO\EHFDXVH
WKH\FDQHDVLO\UHVXOW LQDEXON\HOHPHQWVWDQGLQJLQWKHFHQWUHRI WKHPDLQYLVXDOILHOGRI WKHXVHUV
0DVWEDVHSODWHVWUDQVPLWFRPSUHVVLRQIRUFHV7KH\XVXDOO\VWDQGLQWKHFHQWUHRIWKHPDLQYLVXDOILHOG
RIWKHXVHUV3HRSOHUHJDUGWKHPDVEHLQJDPDLQSDUWRIWKHVWUXFWXUH7KH\DUHIL[HGRUSLQQHGDERXW
RQHRUWZRD[HV
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






)LJXUH7KHEDVHRIWKHPDVWLVSLQQHGDERXWWZRD[HV&RXUWHV\RI1*ROGVPLWK)LJXUH6SKHULFDOEDVH
SODWH&RXUWHV\RI6%HUWLQR)LJXUH6SKHULFDOEDVHSODWH7ROOJDWH0DQUHVDPRWRUZD\
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
)L[HGEDVHVDOORZIRUVWDELOLW\ZLWKRXWJX\LQJFDEOHVEXWWKH\DUHQRWVXLWDEOHLIODWHUDOORDGVUHVXOWLQ
EHQGLQJZKLFKUHTXLUHDQLQFUHDVHLQWKHVL]H3LQQLQJDERXWRQHD[LVLVW\SLFDOIRUPDVWVORFDWHGDWWKH
SHULPHWHUZKLFKDUHWLHGE\FDEOHVDQFKRUHGWRWKHIRXQGDWLRQ,IURWDWLRQPD\RFFXUDERXWWZRD[HV
WZRGHJUHHRIIUHHGRPEDVHVVXFKDVVSKHULFDOFRQQHFWLRQVDUHXVHGILJVWR
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



)LJXUH%DVHSODWHVLQWURGXFHSUHWHQVLRQ&RXUWHV\RI00DMRZLHFNL)LJXUHV0DVWVUDLVHGLQWR
SRVLWLRQZLWKSRUWDEOHK\GUDXOLFMDFNV>@
&RQFOXVLRQ
6WUXFWXUDOPHPEUDQHVLIQRWGHVLJQHGDVVXFKUHTXLUHDQLPSRVLQJVWHHOVWUXFWXUH$VIDUDVWKHPDVWV
DUH FRQFHUQHG LW LV SRVVLEOH WR DFKLHYH PRUH HIILFLHQW VROXWLRQV RSWLPL]LQJ VHFWLRQV FRPELQLQJ
DSSURSULDWHW\SHVVHFWLRQVDQGSURILOHVUHVRUWLQJIRUH[DPSOHWRWDSHULQJWUXVVLQJW\LQJRUFRXSOLQJ
&DUHKDVDOVRWREHWDNHQLQGHWDLOLQJWRDWWHQGWRWKHUHTXLUHPHQWVRIGHVLJQDQGLQVWDOODWLRQDYRLGLQJ
EXON\EDVHVDQGELJKHDGHGWRSV
5HIHUHQFHV
>@%)RUVWHU	00ROODHUW(XURSHDQGHVLJQJXLGHIRU WHQVLOHVXUIDFHVWUXFWXUHV7HQVL1HW
%UXVVHOV
>@+$8QGHUKLOO0DVWLQJDQGULJJLQJ1DXWLFDO3UHVV*ODVJRZ
>@50RWUR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